ABSTRACT Implementing urban sustainability strategies has proven to be difficult. This paper aims at developing a holistic understanding of the urban sustainability concept with the help of a conceptual model, as well as offering a framework for understanding and researching the implementation of urban sustainability strategies. Here, individual behaviour change is understood as one of the main objectives of such strategies.
INTRODUCTION
In a conference paper presented at the Sustainable City 2014 conference in Siena, we proposed to view the concept of urban sustainability as a social innovation [1] . Our intention was to understand why the implementation of urban sustainability is slow and met with reluctance. By embracing the complexity and the many layers of the urban sustainability concept, we try to point out internal sub-concepts (e.g. sustainable transportation), as well as its relationship with other concepts (e.g. climate change, global economy, social equity). We claim that a lack of understanding of the bigger picture leads to professional fragmented implementation, and unwillingness amongst the general public to change their behaviour and lifestyles (e.g. less travel, less consumption, less energy use). In March 2015 another conference paper was submitted that reviews several behaviour change theories [2] . We find that by combining a holistic understanding of urban sustainability strategies and generating awareness for the high relevance of individual behaviour and its factors, it is possible to assess and monitor urban sustainability strategies from a different (more holistic) perspective.
Therefore, this paper discusses several critical moments regarding behavioural change and proposes a compound ideological and methodical set of factors in order to realise and research the implementation of urban sustainability strategies in concrete projects, as well as being able to assess and monitor the success of such projects.
THE URBAN SUSTAINABILITY CONCEPT
Urban sustainability is defined as a compound concept consisting of several sets and subsets of concepts, levels, strategies and actors: Globally (in terms of aims and objectives) urban sustainability is defined as a city's capacity to meet formal, functional, social, economic and cultural standards that enable its population to live well and thrive without negatively impacting on global environmental, social and economic conditions. Locally (strategically) urban sustainability can be described as the facilitation and coordination between formal and functional strategies, such as sustainable land use (compactness, intensity, density) and sustainable transportation as well as their integration, in addition to cyclic resource management. Furthermore, the implementation of urban sustainability depends on two concepts: the provision of sustainable infrastructure and policy by urban institutions and collective and individual sustainable behaviour by the urban population [1] . Structuring and thereby simplifying the concept of urban sustainability like this leads to a division into two arenas: the goals (meaning the intentions, aims and objectives of urban sustainability); and the more concrete implementation (in terms of means actors and effect) (Fig. 1) .
Because the sustainable development emerged as the World Commission on Environment Development's response to global environmental, social and economic issues (WCED, 1989), the concept is often defined through the aim of achieving environmental balance, social justice and economic feasibility. Attempting to give these aims more substance, often the concrete objectives, such as reduction of air pollution (CO 2 emission), are described. However, a continued focus on these concepts keeps the discourse both rhetorically and ideologically in an arena that hinders concrete actions and may lead to empty consensus [3] . The focus of this paper lies on the implementation of urban sustainability. Here, strategic decisions are the main prerequisites for realising urban sustainability. This includes modal shift, transit-oriented development, compact built environment, high population densities, accessibility, 5-minute cities, etc. Different actors such as urban planners and designers, urban policy makers and -not least -the urban population locally implement these strategies. It is therefore important to regard the collective and individual behaviour as an important factor for realising urban sustainability strategies.
THE INCONSISTENCIES OF URBAN SUSTAINABILITY
Based on this simplified graphic model of urban sustainability, several areas of dissonance can be pointed out (Fig. 2) . First, the non-conclusive relationship between global aim and local realisation; second, the non-communicative relationship between institutions and individual inhabitants; third, the con-compatible relationship between strategic/normative changes and individual desirability; and fourth, the non-commitive relationship between an individuals' attitude and behaviour. All four presented areas of conflict can help to explain the slow and reluctant process of implementing urban sustainability, and therefore need to be addressed when implementing urban sustainability strategies.
While we are looking at general areas of conflict within the urban sustainability concept, Anable et al. [4] have identified barriers for behaviour change. They range individual-subjective factors and particularly perceived behaviour control, self-efficacy, locus of control and denial among one of four powerful barriers to change. Other barriers to effective behaviour Above, a description of the conceptual inconsistencies as we see them is presented and exemplified.
3.1 Non-conclusive relationship: global and abstract aims vs. local and concrete implementation
There is a gap between the global and abstractly formulated goals and the concrete local materialisation of urban sustainability. Abstract formulations can lead to a false consensusin contrast to the contentious concrete measures that are proposed. For instance, people do not consider the global reduction of CO 2 emissions when purchasing a new home. They also do not take the hypothetical relationship between building types and the reduction of demand for domestic energy and travel into consideration. There is also a lack of conclusive scientific research regarding the relationship and the effectiveness of the implemented strategies and their effect on the mentioned global aims [5] [6] [7] . This discrepancy and non-conclusiveness makes it difficult for institutions to commit to local sustainability strategies, and it makes it almost impossible for the general public to grasp and contribute to the urban sustainability discourse.
There is a discrepancy between the global evidence for climate change and necessity for local alleviation and the relationship between the two. This demands action in places and by individuals that have not necessarily felt the effects of the problem. Without the immediate feeling of inconvenience, humans are unlikely to make drastic changes. This makes it difficult to get support from the broad public and is partly what causes slow progress [8] .
3.2 Non-communicative relationship: institutional change vs. individual change Many different groups of actors and stakeholders are involved in the implementation of urban sustainability. Here, another gap exists between the institutions that are deciding about sustainable strategies and the people who make changes. When for instance introducing densification strategies, institutions rarely communicate the goals and reasons behind them, while individual cannot be expected to have adequate knowledge to interpret their environmental intentions. Strategies are often normative and unpopular, and stand in stark contrast to individual desirability. Urban policy operates with positive and negative incentives, while much of planning and design practice is based on the tacit assumption that the physical environment can manipulate and facilitate certain behaviour. This reveals that there is a lack of acknowledgement of behaviour change as a major goal of urban sustainability strategies, and that open and mutual communication between different stakeholders is a prerequisite for bettering the implementation process. Therefore, awareness raising, educational programs and explicit behaviour change programs can have a good effect in individual behaviour and lifestyle changes [9, 10] .
This communication is often influenced by the use of rhetoric. While institutions often use prescriptive rhetoric, such as 'people' or 'they' need to use more public transport, it is in fact 'we' or 'us'. Such a rhetorical change can lead to institutions and facilitators to be forced to view themselves also as users, at the same time as the population might gain a greater feeling of ownership of such statements.
Non-compatible relationship: strategic and normative change vs. individual desirability
Another area of conflict is the dissonance between strategic choice (e.g. regarding modal shift towards public and soft travel) and the way individuals make decisions based on personal interests and premises, often without knowledge about or concern for the environmental ramifications of their choices and actions. From an urban sustainability point of view, there is no arguing that a significant modal shift is beneficial, if not necessary. For the individual, however, it is different. While rationally most people are aware that it is beneficial for the 'greater good' if they decide to take the bus instead of the car, it is difficult to see personal benefits. Individual choice often rests on individual benefits and costs [11] . In this way, urban sustainability on a strategic level is not compatible with and does not incorporate urban individuals and their lifestyle choices. While a more sustainable lifestyle and travel behaviour can have advantageous, it is difficult to convey this to the public [12] . This contradiction between institutional rationality and individual emotional response is a problem in the implementation of urban sustainability strategies. While peoples' desires are individually understandable they are not collectively beneficial [13] . Thus, good urban sustainability strategies should (if possible) cater toward personal gain, such as shorter travel time, lower travel cost, more convenience, larger perceived control or better self-image.
Non-committing relationship: attitudes vs. behaviour
A last gap is the non-committing relationship between individual's attitudes and their behaviours, also known as the attitude-behaviour gap [4, 14] . While there might be a general positive attitude towards urban sustainability, this does not necessarily result in displaying the respective sustainable behaviour [15] [16] [17] . For instance, while people might be positive toward public and soft travel modes for commuting, they might still choose to car. Likewise, despite being positive toward the benefits of soft travel (such as the improvement of physiological and psychological health), people might still not choose to cycle or walk; due to other factors influencing their behaviour more dominantly. Knight describes this as being positive towards saving 'the environment' but sceptical towards interfering with 'my environment' [18] . Research shows that awareness and information are not sufficient in changing behaviour, but only in changing attitudes [4, 16] , while the discussion below shows how information is a crucial first but not sufficient step in the adoption of more sustainable urban behaviour.
Based on this, it is not relevant to use attitude as a relevant predictor for behaviour, as has often been the case in empirical studies regarding behaviour change.
THE COMPOUND MECHANISMS OF BEHAVIOURAL CHANGE
The above discussion reveals that much of the concept of urban sustainability directly or indirectly aims at changing behaviour. While urban strategies, plans, designs and policies all aim at changing collective behaviour (Fig. 3) , they often fail to incorporate what individual decision-making is really based upon: financial situation, life situations, age, values, beliefs, interests, emotions and habits. We argue that a truly holistic model of implementing urban sustainability, i.e. changing urban behaviour from unsustainable to sustainable, must be twofold, consisting of provision, consisting for instance of transport infrastructure, public transport service (coverage, frequency, prices), car incentives, etc., on one side and choice on the other (Fig. 4) . Urban institutions need to admit to themselves and to the urban population in question that they are trying to change behaviour, while the urban population need to develop a sense of responsibility and accountability.
Infrastructural aspects of behavioural change
No doubt, necessary infrastructure is a prerequisite for behaviour change, i.e., modal change from car to public transport is not possible without viable public transport infrastructure in place. The same is true for domestic energy reduction through technological solutions such as low-energy housing, CHP, etc. This is not to say that people do not change without infrastructure, e.g. cycling and walking do not necessarily depend on infrastructure. However, when changing behaviour from unsustainable to sustainable, the physical framework must be in place for the individual to have a real alternative.
However, the meaning of infrastructure has often been overestimated. There is no guaranteed correlation between the provision of infrastructure and an increased use. It has for instance been shown that the provision of sustainable neighbourhood features not necessarily leads to more sustainable behaviour [19, 20] , but rather mixed results. On the other hand, did sustainable features have an impact on awareness, social cohesion and contact [19] , which supports the need for a holistic perspective which integrates social and community aspects.
Policy aspects of behavioural change
Urban policies are usually used in support of provided infrastructure. Currently, most aim directly at encouraging sustainable behaviour (subsidies in public transport for better service or pricing, tax breaks or preferred lanes for electrical cars, etc.) and discouraging from unsustainable behaviour (increased parking fees, road tax, road toll, etc.). While such positive and negative incentives can affect people's convenience or finance, there might not be a direct link with changing behaviour due to a lack of rational decision-making (see section 4.3). In addition, financial incentives only work in societies that are sensitive to financial change. In affluent population, financial incentives will have less of an impact [21] . Another aspect is participatory and inclusive processes. While policies provide for and often dictate inclusion and participation, those are often more informative and include only a small portion of the inhabitants. We therefore argue that actively including individuals should be addressed through community aspects and decision-making as discussed in section 4.3. If ideas about changing also emerge within the urban society itself, they will feel a greater sense of ownership of the idea and possible identify themselves with the new behaviour. As such, policies together with physical and infrastructural provision are a necessary but not sufficient step in achieving behavioural change.
Socio-cultural aspects of behavioural change
Choice, or the adoption of certain behaviour, is not only based on individual psychological aspects (see section 4.4), but also on the social and cultural environment the individual lives in.
Theories that support social decision-making are Social Capital theory [22] and the Diffusion of Innovation [23] . Interpersonal theories include Triandis' Theory of Interpersonal behaviour (TIB) [24] and Social Learning theory (SLT). For a full review see Anable et al. [4] .
There is no doubt that community social and cultural aspects, such as norms, values, beliefs and moral, influence individual decision-making. These factors are often referred to as normative [25] or symbolic [4, 26, 27] , since they are based on what the individual believes to be a good or the right choice as well as considering the meaning of their choice as it impacts on their social status and role. Further, some social theories (Norm Activation Theory [28] and Values-Beliefs-Norms Theory [29] ) have described altruistic behaviour that is motivated by responsibility and obligation towards common welfare. Consequently, it is beneficial to take the role social groups and communities play whenever introducing infrastructural or policy change. This has for instance been studied in social behaviour change programs, for instance EcoTeams, which are found to be effective programs but generally work to isolated and small-scale [9] .
Here, particularly communication seems to be a decisive factor. According to Rogers [23] diffusion theory, communication plays a strong role in spreading innovative ideas and it is defined by the limits of social interaction and time. This socio-dynamic process of diffusion of innovations can be related to using information in order to enhance awareness in urban sustainability [30] . While communication and information has previously been invalidated as sufficient ground for behaviour change [16] , Rogers [23] presents knowledge as a critical first step in a five-stage process (knowledge, persuasion (positive or negative attitude), decision (acceptance or rejection), implementation (use) and confirmation). Furthermore, time is seen to be an important element in this process; both the time it takes for a member of the social system to adopt the innovation (individual) and the time it takes for the innovation to achieve a critical mass (collective). In order to achieve quicker adoption, quick diffusion of an innovation is essential. For instance, the adoption by high-status individuals of a social network as well as communication among homogeneous social groups as well as between heterogeneous social groups is discussed.
Integrating socio-cultural measures has so far received little attention within urban spatial and political disciplines, and we argue that processes such as social marketing [ 3 1 ] need to become an inherent part of introducing urban sustainability strategies, infrastructure and policies.
Personal-psychological aspects of behavioural change
Drivers of urban behaviour (e.g. travel) have been thoroughly investigated [4, 16, 32] , and repeatedly practical and rational drivers as strongest decision-making base have been invalidated [33] Instead, emotional and affective factors (such as freedom, control, pleasure, stress, enjoyment, relaxation, independence, etc.) have been promoted to play a decisive role [4] . In addition has the role of habitual behaviour and its resilience to change been investigated [34, 35] .
Theories that investigate individual decision-making are amongst other the Deficit Model [36] , the Rational Choice Theory and the Theory of Planned Behaviour (TPB) [37] . Here, rational factors, such as cost and benefit are decision basis. For a full review see Anable et al. [4] .
However, often decisions are governed by emotions (affect) such as pride, happiness, satisfaction, excitement, pleasure, fear, worries, anger, stress or boredom [33, 38] . Based on their pleasure-oriented nature of such emotions they are often referred to as hedonic factors [25, 26] . According to Owens and Drifill [16] price, awareness, trust, commitment, moral obligation, cultural norms, routines, social networks, fashion, comfort and convenience are all factors that impact individual behaviour. Therefore, in order to manipulate individual behaviour effectively, the sustainable choice must be the emotionally most appealing. This is particularly important, since individuals tend to decide in favour of their emotions over reason [33] .
If changing individuals' behaviour and changing it fast is key for achieving urban sustainability, then social-cultural and possibly more important hedonic factors need to be taken into account. This may be in part through designing infrastructure, services and policy to appeal to these decision-making factors, as well as highlighting them through social marketing and public communication strategies.
THEORETICAL AND METHODOLOGICAL IMPLICATIONS
Based on the review above, we propose a stronger focus on the urban individuals and an incorporation of their decision-making and its factors into strategic approaches that aim at making cities more sustainable. Personal and psychological attributes need to be taken into account, as well as community aspects and the force of communication between social and cultural milieus (Fig. 5 ). In addition, the different actors implementing urban sustainability (i.e. institutions and individuals) have to engage in a mutual communication process in order to achieve a synergistic effect. Thus, an integrated approach addressing the change of urban behaviour needs to incorporate infrastructure, policy, society and the individual. While this seems obvious, previous attempts at implementing urban sustainability strategies have mainly focused on urban infrastructure and policy. They rarely include individual behaviour, other than as a measure of monitoring the success or failure of said strategies. Based on this, and based on the possibilities that reveal themselves when integrating knowledge from other disciplines, we propose that urban sustainability must be viewed as an inherently anthropocentric concept, rather than issues revolving around infrastructure provision and policy introduction.
Theoretical implications
Ideologically, this means that the planning and design disciplines need to revisit their tacit hypothesis that the provision of the physical environment and political measures are sufficient in changing community's and the individual's behaviour. They must gain an understanding of the importance of different factors for individual decision-making and based on this adjust strategies and their implementation.
While it is possible and fruitful to cooperate with other disciplines that have greater awareness for such decision-making processes (such as environmental psychology, sociology, communication theory, social marketing, etc.), we also find that an extension of urban planning, urban design and urban policy to incorporate such sociological and psychological knowledge and understanding is useful. Thus, multi-disciplinary is necessary professionally, while urban sustainability theory and research must be extended to include and integrate such interdisciplinary fields.
So, when designing and proposing urban sustainability strategies, an increased awareness for individual behaviour change as well as its crucial factors needs to become common. As Jenks & Dempsey state " it is behaviour, lifestyles and peoples' aspirations that are at the heart of achieving a sustainable environment" [39] .
Methodological implications
The proposed twofold framework also has methodological implications. "With no clear rules that can be generally applied, local authorities need clear guidance and methods to assess the consequences of adopting different development strategies" [17] . For assessment and monitoring for instance, this means that there need to be several methods recording both infrastructure and policies, as well as recording individual choice and their motivation and intention. Over time, this will lead to a better understanding of which infrastructural change, policy change and other factors lead to successful implementation and resulting adoption of sustainable behaviour. However, as mentioned earlier, time as a relevant aspect should not be underestimated, as it seems to be the case that particular large-scale behaviour change (social and cultural) depends on a certain establishing phase. Both infrastructure and policy need to be assessed with the help of indicator systems. Criteria for good indicators revolve around a clear definition, data availability, measurability, data quality, understandability, change sensitivity, policy relevance, implementability and accuracy in order to evaluate the context and success of projects [40] [41] [42] . In addition, they must be regularly updated, since the purpose of indicators is to monitor change, give early warnings, set targets, review performance and give information, communicate about the implemented strategy [43] . However, "the whole issue of indicators is a dynamic one" and "indicators will need to be revised in response to changing circumstances, and as our knowledge develops" [42] . It is therefore also recommended to use a mixture between objective and subjective indicators [44] .
Collective behaviour can be documented in large-scale surveys, as is for instance the case for travel surveys. It is also possible to register collective travel behaviour through ICT systems, as is already the case for instance in public transport or through road toll systems. Here, a large amount of data are generated that can prove a rather holistic picture of urban travel behaviour. This big data can give information regarding the amount of people choosing to behave in certain ways. Depending on the used methodology, there is little information shedding light on motivation, intention and reasons for the displayed behaviour. Thus, personal choice needs are explored and registered through individual questionnaires and interviews. Particularly when interest is on motivation for behaviour (i.e. which factors lead to display behaviour) interviews might be advisable. However, like any self-reported information, such data can be flawed by social desirability and lack of knowledge (memory, etc.).
Another important point is to address the issue of choice and decision-making on all levels of the urban system. Just like for infrastructural and political issues, not only single communities should be addressed but the city or urban region needs to be seen as a whole. Raising awareness for behavioural aspects within planning professions, can help to ensure that the individuals choice as well as communication aspects become an integral part of urban development on all levels.
In order to be able to gain a greater understanding of the relation and interaction between infrastructure, policy and behaviour, it is necessary to study the implementation of urban sustainability strategies in-depth, from a holistic point of view and preferably over time.
Stavanger region, for instance, is undergoing some large scale changes, both with regards to public transport infrastructure and transport policy. County council Rogaland together with the Norwegian National Public Road Administration (NPRA) [Statens vegvesen] are currently planning 'Bussway 2020' [45] : 45 km of bus-only lanes that allow public transport to run smoothly through traffic congestions, according to the model of Luzern, Leeds and Bristol. The project will be finished in 2021 and 55 new high frequency and environmentally friendly busses will run on those lanes. They are also planning a 'bicycle highway' [sykkelstamvei] that runs parallel to the motorway, connecting the city centre with one of the largest work place concentrations in the region. In support of these infrastructural interventions, a new system of collecting road toll [Bypakke Nord-Jaeren] is introduced [46] , that targets commuting centres and operates with double prices during peak-hours. All these projects are planned to be finished and working within the next five years.
These projects are unique in a Norwegian context and offer great research opportunities. We therefore propose a holistic assessment and monitoring longitude-study, collecting reference data before project implementation, and then or several datasets to compare changes after project implementation. In order to gain knowledge about behavioural changes and their actual reasons it is advisable to retrieve data from one or several closed sample (for instance travel habits within certain companies). On the other hand, it might also be useful to record socio-cultural changes regarding the popularity and status of the projects over time. This can be done both based on newspaper reviews, survey or interviews. While it is too early to propose a concrete research approach, it is obvious that the implementation of these urban projects represents tremendous research opportunities.
Therefore, assessment and monitoring methods for urban sustainability strategies also need to incorporate an increased awareness for individual behaviour and its factors.
6 DISCUSSION This paper covers a series of observations and reviews that lead to a better understanding of the urban sustainability concept and its reluctant implementation on one hand, as well as a deeper understanding for the meaning of individual behaviour change and its factors on the other hand. We have also briefly discussed theoretical and ideological implications of our observations for urban planning and policy disciplines, as well as possible research applications of the represented principles.
The presentation of inconsistencies does not necessarily warrant for solutions. However, raised awareness in addition to continued research into the topic might be able to alleviate some of the issues that were pointed out and cause continuously slow and reluctant realisation and achievement of urban sustainability.
Further, an increased focus on individual behaviour and behaviour change as the key to implementing urban sustainability strategies is important. Not only can it ensure more tailored strategies it might also create an increased focus on communicating the strategies to final users and, thus, install a sense of responsibility and ownership in the urban population.
Finally, there are some theoretical and methodological implications that have so far been undercommunicated. We hope that this paper offers a basis for continued interest and research into the topic of behavioural change and its factors in relationship to urban projects. 
